Abstract. osteosarcoma is the most common type of malignant bone cancer, which often affects teenagers and young adults. The present study aimed to screen for critical genes and micrornas (mirnas/mirs) involved in osteosarcoma. a total of four microarray datasets (accession numbers GSe32981, GSe21257, GSe14827 and GSe14359) were downloaded from the Gene expression omnibus database. Following data preprocessing, module analysis was performed to identify the stable modules using the weighted gene co-expression network analysis (WGcna) package. The differentially expressed genes (deGs) between metastatic samples and non-metastatic samples were screened, followed by gene co-expression network construction, and Gene ontology function and Kyoto encyclopedia of Genes and Genomes pathway analyses. Subsequently, prognosis-associated genes were screened and a mirna-target gene regulatory network was constructed. Finally, the data for critical genes were validated. WGcna analysis identified six modules; blue and yellow modules were significantly positively associated with osteosarcoma metastasis. a total of 1,613 deGs were screened between primary tissue samples and metastatic samples. Following comparison of the genes in the two (blue and yellow) modules, a total of 166 deGs were identified (metastatic samples vs. non-metastatic samples). Functional enrichment analysis demonstrated that these deGs were mainly involved in 'defense response', 'p53 signaling pathway' and 'lysosome'. By utilizing the clinical information in GSe21257, 10 critical genes associated with osteosarcoma prognosis were obtained, including cTP synthase 2 (CTPS2), tumor protein p53 inducible protein 3 (TP53I3) and solute carrier family 1 member 1 (SLC1A1). in addition, hsa-miR-422a and hsa-miR-194 were highlighted in the mirna-target gene network. Finally, matrix metallopeptidase 3 (MMP3) and vascular endothelial growth factor B (VEGFB) were predicted as critical genes in osteosarcoma metastasis. CTPS2, TP53I3 and SLC1A1 may serve major roles in osteosarcoma development, MMP3 and VEGFB may be associated with osteosarcoma metastasis.
Introduction
osteosarcoma is the most common type of malignant bone cancer and is prevalent in teenagers and young adults (1) . This type of cancer arises from primitive transformed cells of mesenchymal origin that exhibit osteoblastic differentiation and produce malignant osteoids (2) . despite considerable advances in surgery and chemotherapy, the 5-year survival rate remains at 60-70% and patients continue to succumb to osteosarcoma metastasis (3) . Therefore, the exploration of novel strategies and noninvasive biomarkers that reflect disease progression is urgently required for the clinical management of patients with osteosarcoma.
With the development of molecular biology techniques, tumor gene therapy for osteosarcoma exhibits a potential clinical strategy (4, 5) . a number of studies have demonstrated that abnormal gene expression, and alterations in micrornas (mirnas/mirs) and molecular signaling pathways contribute to the pathogenesis and development of osteosarcoma (6) (7) (8) . These affected molecules may be considered potential diagnostic biomarkers and therapeutic targets for patients with osteosarcoma. c-X-c motif chemokine ligand 12 and matrix metallopeptidase 9 (MMP9) serve important roles in the metastasis of osteosarcoma (9) . ren et al (10) revealed that high expression levels of c-X-c motif chemokine receptor 4 and MMP9 are valuable biomarkers for osteosarcoma metastasis and survival rates. a recent study revealed that tumor protein p53 may inhibit cell proliferation and angiogenesis in osteosarcoma cell lines by inhibiting the phosphoinositide 3-kinase (Pi3K)/protein kinase B (aKT)/mechanistic target of rapamycin pathway; therefore, it may be an effective novel therapeutic candidate against osteosarcoma in the future (11) . in addition, Fas cell Identification of critical genes associated with human osteosarcoma metastasis based on integrated gene expression profiling surface death receptor (Fas) is a death receptor, which has been reported to be involved in osteosarcoma metastasis. an inhibitor of the Fas pathway, c-FliP, has been developed as a potential treatment for patients with lung metastasis (12) . mirnas are small non-coding rna molecules (18-25 nt) and studies have revealed that mirnas act as critical regulators involved in the pathological process of osteosarcoma (13, 14) . miR-30a serves as an oncogene, which regulates the proliferation, migration and invasion of human osteosarcoma by targeting runt-related transcription factor 2 (15) . in addition, overexpression of miR-21 in the human osteosarcoma cell line MG63 has been reported to significantly increase cell proliferation and invasion (16). Phosphatase and tensin homolog (PTEN) may be a potential target gene of miR- 21 , and miR-21 may activate the Pi3K/akt pathway by decreasing PTEN expression (16). These previous studies may provide a comprehensive understanding of osteosarcoma development.
namløs et al (17) explored the potential mechanism underlying osteosarcoma and demonstrated that multiple signaling molecules serve a vital role in promoting metastasis. The present study, according to the gene expression profiles deposited by namløs et al (17) , aimed to identify metastasis-associated genes or mirnas in osteosarcoma development and to improve the understanding of osteosarcoma metastasis. Firstly, the gene expression in metastatic osteosarcoma samples from four microarray datasets was compared with that in non-metastatic samples; subsequently, a number of differentially expressed genes (deGs) and mirnas were screened using the weighted gene co-expression network analysis (WGcna) algorithm. Gene ontology (Go) functional and Kyoto encyclopedia of Genes and Genomes (KeGG) pathway analyses were performed to identify the major signaling pathways involved in osteosarcoma. Subsequently, the gene co-expression network for these deGs was constructed. additionally, the mirna-target gene network was constructed to screen the key mirnas associated with disease prognosis. Finally, the critical genes and miRNAs were further verified based on validation dataset analysis. The results may provide novel diagnostic biomarkers and therapeutic target molecules in osteosarcoma metastasis.
Materials and methods
Data resources. The microarray datasets associated with osteosarcoma were downloaded from the national center of Biotechnology information Gene expression omnibus (Geo) database (www.ncbi.nlm.nih.gov/geo). The screening standards were as follows: The microarray datasets were gene expression profiles; the datasets were gene expression profiles associated with osteosarcoma tissue samples; osteosarcoma samples were of primary and metastatic origin; gene expression profiling of human osteosarcoma; and, the total number of osteosarcoma samples was >20. datasets that did not meet any of these criteria were excluded. eventually, four datasets were screened out for further analysis: GSe32981 (17), GSe21257 (18) , GSe14827 (19) and GSe14359 (20) (Table i) .
The GSe32981 dataset was tested based on the GPl3307 aBi Human Genome Survey Microarray v2.0 array platform (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA), including 18 metastatic tissue samples and five non-metastatic samples. The GSe21257 dataset was tested based on the GPl10295 illumina human-6 v2.0 expression beadchip (using nuIDs as identifiers) platform (Illumina, Inc., San diego, ca, uSa), including 34 metastatic tissue samples and 19 non-metastatic samples. The GSe14827 dataset was tested based on the GPl570 [HG-u133_Plus_2] affymetrix Human Genome u133 Plus 2.0 array platform (affymetrix; Thermo Fisher Scientific, Inc.), including nine metastatic tissue samples and 18 non-metastatic samples. The GSe14359 dataset was tested based on the GPl96 [HG-u133a] affymetrix Human Genome u133a array platform (affymetrix; Thermo Fisher Scientific, Inc.), including 21 metastatic tissue samples and 13 non-metastatic samples.
Data preprocessing. The GSe14827 and GSe14359 gene expression profiles were preprocessed using oligo software version 1.41.1 (www.bioconductor.org/packages/release/ bioc/html/oligo.html) (21) in the r3.4.1 package (22) . The original microarray data were converted into gene symbols according to annotation information of the array platform. if several probes corresponded with the same gene, the average scores were calculated as the gene expression value of these probes. Quantile normalization in the preprocesscore package (23) was used to normalize the matrix.
For the GSe32981 and GSe21257 datasets, the limma package (www.bioconductor.org/packages/release/bioc/html/ limma.html) in r software 3.1.3 version (24) was used to preprocess the microarray data. The logarithmic value of each microarray data point was calculated and the gene expression data were converted from a skewed distribution to an approximately normal distribution. The median normalization method was used to normalize the microarray data.
Identification of gene modules associated with osteosarcoma.
The WGcna method was used to identify gene modules associated with osteosarcoma. WGcna provides the topological properties of co-expression networks, in addition to the correlation of two node genes and relevant other genes (25) . The WGcna package version 1.61 (cran.r-project.org/web/packages/WGcna/index.html) (26) in r3.4.1 software was used to screen for stable genetic modules. Since the GSe21257 dataset contained the most tumor samples and relatively abundant clinical information, it was used as the training dataset and the other three datasets served as validation datasets. Briefly, for the four datasets, the expression correlation between any two datasets was first calculated, followed by adjacency function definition and module division (the threshold of module screening and division was set as follows: The modules contained at least 150 rna and cutHeight=0.99). Furthermore, the correlation between each module and clinical information provided by the GSe21257 dataset was analyzed. The clinical information in GSe21257, including age, histological subtype, tumor location and stage is presented in Table ii .
Meta-analysis for DEG screening. T he Met a de package (27, 28) (cran.r-project.org/web/packages/Metade) in r3.4.1 software was used to screen consistent deGs between metastatic and non-metastatic samples from the four datasets (GSe21257, GSe32981, GSe14827 and GSe14359). τ2=0, Qpval >0.05 and false discovery rate <0.05 were considered as the thresholds. The first two parameters were used for heterogeneity testing and the last parameter was used to evaluate significant differences.
after screening the deGs based on the Metade method, these genes were compared with those from screening stable gene modules according to the WGcna method. The common genes in these two sets of deGs were deemed the common critical genes. in addition, based on these gene interactions, the gene co-expression network was constructed and visualized using cytoscape 3.3 (29) (www.cytoscape. org). Go function (biological process, molecular function and cellular component) and KeGG pathway enrichment analyses were performed using the online search annotation software tool database for annotation, Visualization and integrated discovery (30) (version 6.8, david.ncifcrf.gov). P<0.05 was considered to indicate a statistically significant difference.
Critical genes screening associated with osteosarcoma prognosis. Based on the key node sets in the gene co-expression network, combined with the clinical prognostic information of samples, the critical genes associated with osteosarcoma prognosis were identified using the univariate Cox regression analysis in Survival package (31) (version 2.4, cran.r-project. org/web/packages/survival/index.html) in r3.4.1 software. Survival data were plotted using Kaplan-Meier analysis and Log-Rank test was used to compare the statistical significance. P<0.05 was considered to indicate a statistically significant difference.
Construction of miRNA-target gene regulatory network.
The mirnas directly associated with osteosarcoma were searched from the mir2disease database (32) (http://watson. compbio.iupui.edu:8080/mir2disease/index.jsp). each entry in mir2disease contains information about a mirna and its association with disease, in addition to the id of the mirna, disease name and a brief description of the mirna-disease association, references and detection methods of mirna expression. 'osteosarcoma' was used as the disease name to screen key mirnas associated with osteosarcoma in this database.
Furthermore, the target genes of mirnas were searched using miranda database (33) (www.microrna. org/microrna/home.do). Finally, a mirna-target gene regulatory network was constructed. cytoscape 3.3 software was used to visualize the interactions among mirnas and related target genes.
Validation of critical genes. To validate the universality of critical genes, the GSE39055 (34) expression profile (platform GPl14951 illumina HumanHT-12 WG-daSl V4.0 r2 expression beadchip) was downloaded from the Geo database as a novel validation dataset. This dataset included 37 osteosarcoma samples that possessed associated survival rate information. This dataset was used to validate the associations between key genes and survival outcomes. additionally, the expression levels of these key genes between metastatic and non-metastatic samples in GSe21257, GSe32981, GSe14827 and GSe14359 were analyzed. The analysis flow chart is presented in Fig. 1 .
Results

Identification of stable modules associated with osteosarcoma.
Following the normalization of the four datasets, GSe21257 was used as the training set and the other three were considered validation datasets. The WGcna algorithm was used to screen for significant modules associated with osteosarcoma. The processes were as follows: First, consensus analysis was performed for the overlapping genes in the four datasets. The results revealed that the correlation values between either of two datasets were >0.5 and all P-values were <1x10 -200 , which indicated that the data were comparable (Fig. 2a) . The cluster dendrogram based on the all modules is presented in Fig. 2B . Second, in order to satisfy the precondition of scale-free network distribution, the weight parameter (power) of the adjacency matrix was fixed by setting the selection range of network parameter and calculating the scale-free topological matrix. The scale-free distribution of the topological matrix was calculated based on the GSe21257 dataset and the results are presented in Fig. 3a ('scale independence'). The horizontal axis represents weight parameters of the power, while the vertical axis represents the square values of correlation coefficient between log (k) and log [p (k)]. A higher square value meant the scale-free distribution of these data. once the square value reached 0.9 for the first time, the power value (power=7) was selected and the mean connectivity of genes calculated. as presented in Fig. 3a ('mean connectivity'), the mean connectivity of genes was only 1, which is in line with the connectivity feature of nodes in a scale-free small network.
Subsequently, the gene dendrogram and modules were identified based on WGcna. The GSe21257 dataset was used as the training set to screen the modules associated with osteosarcoma. The dissimilarity in easements of different nodes was calculated and a hierarchical clustering tree was generated. Based on the dynamic tree, the minimum number of genes for each network was set as 100 and the cut height was set to 0.99. a total of six modules were obtained, namely M1-blue, M2-brown, M3-green, M4-grey, M5-turquoise and M6-yellow (Table iii) . Finally, the stability of gene modules was evaluated. The other three datasets (GSe32981, GSe14827 and GSe14359) were also subjected to module partition and the stability of modules obtained from the GSe21257 dataset was evaluated. The results of module partition in GSe32981, GSe14827 and GSe14359 datasets are presented in Fig. 2B . The correlation of modules in each dataset is presented in Fig. 3B and c. The genes in the same module (same color) were inclined to cluster together, indicating that these genes had similar expression levels. The overall expression of modules on the same dendrogram branch was more similar, including brown and yellow modules, in addition to blue, green and turquoise modules.
Following analysis of the correlation of gene expression for the same-colored modules, three modules (M1-blue, M3-green and M6-yellow) with preservation Z scores >5 were identified, which were considered significantly stable modules. The three stable modules may be major functional modules associated with osteosarcoma. according to the clinical information provided by the GSe21257 training dataset, the correlation between each module and clinical factors was analyzed. as presented in Fig. 3d , genes in blue and yellow modules were significantly positively correlated with osteosarcoma metastasis (correlation coefficient values, 0.51 and 0.25; P-values, 9x10
-205 and 7x10 -46
, respectively). Finally, the 1,091 genes in these two modules were selected for further analysis.
DEG screening and gene co-expression network analysis.
Based on the thresholds, a total of 1,613 consistent deGs were screened out between the osteosarcoma primary tissue samples and metastatic samples. These deGs were subjected to hierarchical clustering analysis using the Metade package (Fig. 4a) . The cluster analysis revealed that deGs screened from four datasets could accurately distinguish primary osteosarcoma samples from metastatic samples. Subsequently, these genes were compared with the 1,091 genes obtained from blue and yellow modules, and 166 common genes were obtained (Fig. 4B) .
Based on the expression correlation among the 166 genes, a gene co-expression network was constructed that consisted of 166 nodes (28 from yellow module and 138 from blue module) and 1,344 edges (434 negative correlation and 910 positive correlation). among these nodes, 28 were upregulated genes and 138 were downregulated (Fig. 4c) .
To further explore the function of these 166 deGs, Go function and KeGG pathway analyses were performed. The results demonstrated that these deGs were enriched in several functional terms and pathways ( Fig. 5 and Table iV ). The deGs were mainly involved in the following Go terms: 'defense response', 'extracellular region', 'calcium ion binding', etc. The major pathways the deGs were involved in were 'lysosome', 'cytokine-cytokine receptor interaction', 'chemokine signaling pathway', 'p53 signaling pathway,' 'ecM-receptor interaction', 'cell cycle' and 'focal adhesion'.
Screening critical genes associated with osteosarcoma metastasis. By combining the clinical information of the GSe21257 dataset, the critical genes associated with osteosarcoma metastasis were identified using a Cox regression model. eventually, 10 genes associated with osteosarcoma prognosis were obtained (Table V) . For the top three genes with higher P-values compared with the other deGs, a Kaplan-Meier survival curve analysis was performed. all samples were divided into high expression and low expression groups in terms of their median numerical boundary (Fig. 6) . The results demonstrated that tumor samples with high cTP synthase 2 (CTPS2) and tumor protein p53 inducible protein 3 (TP53I3) expression were associated with improved survival outcome. The expression levels of these genes were downregulated in metastatic tumor samples, indicating that these patients had a worse prognosis. Furthermore, the hazard ratio values were <1, meaning that these genes may be major factors for promoting osteosarcoma metastasis. conversely, high expression of solute carrier family 1 member 1 (SLC1A1) was associated with a worse prognostic effect. in terms of expression, SLC1A1 was increased in metastatic tumor samples, which indicated that these patients had a worse prognosis. in addition, its hazard ratio value was >1 (Table V) , thus suggesting that SLC1A1 expression may be a risk factor for osteosarcoma metastasis.
Analysis of miRNA-target gene network. Following searches in the mir2disease database, seven mirnas and multiple target genes associated with osteosarcoma were obtained ( Table Vi) .
The interactions between mirnas and their target genes were visualized by a biological network (Fig. 7) . Correlation values between any two datasets from GSe21257, GSe32981, GSe14827 and GSe14359. The charts represent correlations between GSe21257-GSe32981, GSe21257-GSe14359, GSe21257-GSe14827, GSe32981-GSe14359, GSe32981-GSe14827 and GSe14359-GSe14827. (B) cluster dendrogram based on the dynamic tree (GSe21257, GSe32981, GSe14827 and GSe14359). different dendrogram colors represent various modules. KeGG analysis was performed to identify the major pathways for the mirnas and target genes. eventually, nine pathways were identified, including 'pathways in cancer', 'ubiquitin-mediated proteolysis' and the 'ras signaling pathway' (Table Vii) . among the genes, VEGFB was identified to be involved in several signaling pathways ('pathways in cancer', 'focal adhesion', 'ras signaling pathway' and 'cytokine-cytokine receptor interaction'), meaning that it may serve a vital role in the development of osteosarcoma.
Expression and prognostic validation. To validate the general characteristics of the six prognosis-associated deGs involved in the mirna-target network, a different dataset, GSe39055 (including 37 osteosarcoma samples and related survival outcome information), was applied as a validation dataset to verify the association between the genes and survival outcome. The results demonstrated that the prognostic analysis of six genes in the GSe39055 validation dataset was consistent with that in the GSe21257 dataset (Figs. 8 and 9 ). among these genes, MMP3 (Fig. 8B) and SLC1A1 (Fig. 9c) had improved survival outcomes in low expression groups of osteosarcoma samples. in addition, the expression levels of SLC1A1 were upregulated in metastatic osteosarcoma samples and patients with high expression of this gene exhibited worse survival outcomes, indicating that SLC1A1 expression may be a risk factor for osteosarcoma metastasis. in addition, VEGFB, CTPS2, MOSPD2 and FAP had improved survival outcomes in high expression groups of osteosarcoma samples (Figs. 8 and 9 ). The expression levels of these genes were downregulated in metastatic osteosarcoma samples and patients exhibited worse survival outcomes, indicating that decreased expressions of these four genes (VEGFB, CTPS2, MOSPD2 and FAP) may be risk factors for osteosarcoma metastasis. 
Discussion
In the present study, gene expression profile analysis (accession numbers: GSe32981, GSe21257, GSe14827 and GSe14359) was performed and a total of 166 critical deGs were identified in metastatic osteosarcoma tissue samples compared with non-metastatic samples, including 28 upregulated genes and 138 downregulated genes. Functional enrichment analysis results demonstrated that these deGs were mainly enriched in 'defense response', 'lysosome' and 'p53 signaling pathway'. in the gene co-expression network, CTPS2, TP53I3 and SLC1A1 were key nodes and may be considered risk factors for osteosarcoma metastasis. in addition, hsa-miR-422a and hsa-miR-194 were highlighted in the mirna-target gene network. Finally, MMP3 and VEGFB were predicted as critical genes in osteosarcoma metastasis.
cTPS2 is a critical enzyme that controls the synthesis of cytosine nucleotides, and cTPS2 serves a vital role in numerous metabolic processes (35) . cancer cells that exhibit increased cell proliferation also exhibit increased activity of cTPS2. Patients with colorectal cancer with low CTPS2 expression did not receive a survival benefit from 5-fluorouracil treatment (P=0.072), whereas those with high expression did (P=0.003); therefore, low CTPS2 expression may be a major determinant for chemoresistance (36) . TP53I3 encodes the putative quinone oxidoreductase, an enzyme that is involved in cellular responses to oxidative stress and irradiation in humans (37) . TP53I3 is involved in p53-mediated cell death and can be induced by the tumor suppressor p53 (38) . a recent study indicated that p53 is able to directly regulate target genes, including TP53I3, associated with several drug treatments in an osteosarcoma cell line (39) . Slc1a1, also known as excitatory amino-acid transporter 3, is a high-affinity glutamate transporter (40) . This protein serves an essential role in glutamate transport from plasma membranes to neurons. However, studies on SLC1A1 in osteosarcoma are few. in the present study, CTPS2, TP53I3 and SLC1A1 were abnormally expressed in metastatic osteosarcoma tissue samples, thus suggesting that these three genes may be considered as prognostic biomarkers of osteosarcoma.
The mirna-target gene network demonstrated that several mirnas were involved in osteosarcoma prognosis. downregulation of miR-422a has been reported to be associated with poor prognosis in human osteosarcoma (41) . increased expression levels of miR-422a can inhibit cell proliferation and invasion, and can enhance chemosensitivity in osteosarcoma cells (42) . Zhang et al (43) demonstrated that miR-422a may serve as a tumor inhibitor in osteosarcoma via suppression of Bcl2 like 2 (BCL2L2) and KraS proto-oncogene, GTPase (KRAS) translation. Therefore, miR-442a may be involved in the progression of osteosarcoma via targeting Go, Gene ontology; KeGG, Kyoto encyclopedia of Genes and Genomes. BCL2L2 and KRAS. in addition, hsa-miR-194 has been reported to be a major factor involved in tumor progression and metastasis (44) . Han et al (45) indicated that miR-194 may suppress osteosarcoma cell proliferation and metastasis in vitro and in vivo by targeting cadherin 2 and insulin-like growth factor 1 receptor. Therefore, these findings suggested that hsa-miR-422a and hsa-miR-194 may be critical molecules in osteosarcoma metastasis. MMP3 or stromelysin-1 is an enzyme that regulates the breakdown of extracellular matrix proteins in normal physiological processes, in addition to in disease processes, including tumor metastasis or arthritis (46). The MMP family, including MMP3, has been confirmed to interact with collagen type i α 2 chain and serve an important role in osteosarcoma tumorigenesis (47) . a previous study revealed that upregulation of MMP13 can result in suppression of osteosarcoma metastasis in a mouse model (48) . as a member of the MMP family, MMP3 may be an important diagnostic marker for osteosarcoma metastasis. VeGFs are signaling proteins produced by cells that stimulate the formation of blood vessels, which is an important process for tumorigenesis and metastasis (49) . it has also reported the abnormal expression of VeGF in osteosarcoma and explored the prognostic value in cancer patients (50) . VeGFB belongs to the VeGF family and serves a role in maintaining newly formed blood vessels during pathological conditions (51) . it has been reported that VeGF correlates with a poor histologic response to chemotherapy in osteogenic sarcoma (52) . in the present study, the expression levels of MMP3 and VEGFB were downregulated in metastatic osteosarcoma samples and these patients exhibited worse survival outcomes. The survival analysis of MMP3 for GSe21257 training set is consistent with that of the GSe39055 validation set in the present study. Together with the present findings, it was suggested that these two genes may be risk factors for promoting osteosarcoma metastasis. However, certain limitations existed in the present study. One important factor is the lack of experimental verification. The number of osteosarcoma samples in metastatic or non-metastatic groups was small; the clinical information in microarray datasets was also scarce. Therefore, more studies are required to explore the diagnostic roles of critical genes and mirnas in osteosarcoma metastasis; for example, the expression levels of the critical genes and mirnas in osteosarcoma samples should be validated. Besides, the roles of these genes and mirnas in predicting the prognosis of osteosarcoma should be analyzed in a large sample size in future studies.
In conclusion, the present study identified 28 upregulated and 138 downregulated genes in metastatic osteosarcoma samples. The deGs were associated with 'defense response', 'p53 signaling pathway' and 'lysosome'. in addition, it was revealed that CTPS2, TP53I3 and SLC1A1 may serve a major role in osteosarcoma metastasis, and hsa-miR-422a, hsa-miR-194, MMP3 and VEGFB may also be associated with the metastasis of osteosarcoma. The present study provided a reliable strategy to discover non-invasive biomarkers for osteosarcoma prognosis.
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